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AIIS’J’l{AC’I’: It is clear tlIat tl]c cost cfficicnc.y  is L)cco]nil)g

a ]najor drivrr in future sI)acc  lnissions. IIccause of tllc colI-

strai[lts 011 total cost, illcfudillg  design, i]rl])lc]llc]~tatioll  aIlcl

opm-atiolll  future sljaccc.rafts arc limited iIl i,cr]ns  of their
si~c, ])owcr  and c,o]]]])lcxity,  Collscqucntly, it is CX])CC.tCd tO

llavc  future Inissiol)s or)crate olI Inarginal spat.c-to-grouIld

coIll]]ll]l]icat,ioIl  links wllicll, in turn, can l~osc an addi t iona l

risk 011 the successful sc.ic]ltific. rctum of these ]nissio~ls.

For low data rate and low dowlllink ]nargin miss ions ,  the

conccl)t of I)uffcring  tclcnllctry signal fc]r furt]lcr signal l)ro-

ccssing to illlprovc data re turn  has  bcn w i d e l y  adol)tcd.

‘1’liis I)a])cr  cimcril)cs  tcclirliqum u s e d  f o r  ])ost-proccxsing

o f  bufl’crcd  tclc]nct,ry sigl]al scg]nc]lts ( c a l l e d  ga~)s) to rc-

covcr  data lost clurillg  acquis i t ion  and rcsyllcllro~li  zatio)l.

‘1’wo lnctl)ods, ollc  f o r  closc{l-loo])  and t h e  otl[cr ollc  f o r

o~)c]l-loo}) co)lfip; uration, arc disc. usscd  in this paper. Ilotll

of than call  h used ill citllcr forward  or  backward  pro-

ccssi]lg  of  sigl]al scglilcnts, dc])m]dillg  on wllcrc a ga}) i s

s.pccific.ally  situated ill a })ass.

1  IIltroduc.tioll

It is clear that tllc cost cflicicl~cy  is I)ccolning a lnajor

dr iver  ill future s})acc Illissio]ls. IIcc.ausc  of tllc col MraiIlts

0 1 1  total cost, irlc.ludillg  dcsigll, il]l])lclllclltatioll  a]ld  oper-

ation, future s]lacccrafts arc Iilnitcd in tcmns of tl)cir size,

p o w e r  a]ld  c.o]ll]~lcxity. CoIIscqucIItly, it is cxpcctcd to llavc

future Inissio]ls o]matc 011 ]nargina] s]~acc-to-ground COIII-

munication links. As a result,, data c.cnnprcssion  techniques

aboard  the spacecraft, and other adval~ccd  signal process-

ing  Lccllniqucs  o]l Lllc ground arc i~nl)or~allt  to provide al-

ternatives to illc.rcasc  tllc scient i f ic  rcturl) of a nlissioll t)y

i]n])rwvillg  tl]c  cc~lll)]]l]l]ic.atic)ll link  ]nargit). OIIC widely

ado}) ted co]lccl)t  o f  t~uflcrill,g tclcrllctry signal f o r  furt]lcr

signal I)roccssillg to illll)rovc data rctrlrll for low data rat)c

● ’1’IIc rcscarcl I descIilIcd iII this ])a])c]  was carlicd out by tlIe Jet
l’roI,ulsic,], l,al IoIalcII.v,  (}alifo]  I}iti IIlstitutc of “Jkc}IrIolcKv, UIICJCI  a

contmct  with  the h’tdimml  Acmmutim  and SJIacc Administration.

atld  low dowllli[lk  I1lalgill  ]Ilissiolls is first irnplclnclltcd as

t h e  l]ufl’crcd  ‘1’clcll)ctry  lhnoclulator (11’1’1)) t o  supl)ort

NASA’s Galileo Missio]l  [I]. II) this lllissioll, Galileo spac.c-

craf t  IIas to rely 0]1 its low gain antcllna to trans~llit da ta

fro]n Jul)it,cr back t o  l;artll, hcausc o f  a  ]nalfunclionillg

hig]l  gain antclllla. ‘1’llc Iow-gai]l  alltcnna can only sup~)ort

very low symbol signal-to noise (ranging  from -10 d]] to -6

d]]) at low syltibo] rates (up to 640 sylnbols  pcr scc.end). It

is cstiltlatcd, for such a lC)W signal- t~noise range, that the

signal acc]uisitio~l  (inc]udi]lg c a r r i e r ,  subcarricr, a]ld  SyIII-

hol) cat, take u]) t o  tctl ]ninutm WIICII siuglc antc]llla i s

u s e d .  l’urtl]crlljorc, ill order to n]axi~llizc  tllc data rctur]l,

several  data  ra te  clla]lgcs iiltcrldi]lg to take advarltagc of

all tllc ;Ivailahlc a!ltclllla a]]crturc 011 t,lic ground call  occur

ill a ])ass  and IMCII  Inay require rc-ac.quisition of tllc signal.

‘J’he co]lll~illatiolloftllc  al)ovc  two can resul t  ill sig]lificallt

d a t a  lc)ss if signal is ]lot  buff’crcd.

With t h e  d a t a  I)uflcrcd, v a r i o u s  ]lo]l-real-tiIoc (IIOII-

causal) sigtlal processirlg tcclllliqucs call  bc performed to re-

duce tllc data loss du~ tc~ ac.quisitio]lj rcsynchronization and

]oss-of-loc.k.  11’c)r  cxal]Il)lc, ~)layillg  with diffcrmt  l o o p  colI-

figuratio]l  SIICII  as Ilsillg  d i f ferent  loop bandwidtl) a]]d/or

ditl’crcllt  quadra ture  wiildowi[lg  ~nay rcalim bcttm accluisi-

tion pc] forIna]]cc [2]. III tl)is ])a])cr,  wc w i l l  f o c u s  on tech-

niques  Ilscd for rc])roccssillg scglncnts of buflcrcd tclclnetry

signal (ca]]cd ga~)s), k)y using cllcck  l]oi~it illfor]nation ob-

taiacd frolll tllc scg]]lcIlts of buffered signal ]lcxt to the gap

(callccl  p a d s ) ,  t o  rccovcr tl,c l o s t  d a t a .  “1’his I)rcscnts a

unique opportu]]itly to cIII])loy  non-causal signal proccssi]kg

tccllrliqucs for tlIc  l)url>osc  of signal dctcctio]).  ]n s e c t i o n

2, the l~ricf description] of 11’1’1)  and tllc ]Iatui-c  of galJs  arc

,givc]]. ‘1’wo ]nctl)ods,  OIIC for closed-]oo]) aIld  the other OIIC

for cJ])cII-loo}J  cc)llfip,~lratic)tl, arc discussed irl scctioll 3 a[ld

4, rcspfctivcly. ]Iotll oftllclll can  I)c used for citllcr forward

or backward gal)  ])roccssillg, dcpcrlding  011 wllcrc a gal)  is

s])cciflcally situ~tcd ill a ])ass. ‘J’IIc overall gal)  ])roc.cssing

stratcp; v is discussed III section 5.



2  I] Ufli!lw(l  ‘1’hnK!Ll’y  l)clnoduhitm and c;a~)s Starl  of a i,ass - Regions wfrore  receiver  is in.lo~k
-.

11’1’1) i s  a soflwdrc rcccivcr illjl)lclllclltcd  ou a gcucrat

]Jurposc  ]nulti- (;l’U wc)rksiaiiou, 1( l)erfor]t]s  acquisii)io]l

aucl tracking  futlctiolls  for tflc carrier, suhcarricr and sylm

bol, as well as l)rovides IIlisccllallmus IIlol)itorillg functions

SUCI] as lock i n d i c a t o r s ,  syIt]l~ol SNIL cslilllators, etc .  1(,

i s  dcsig]lcd  to t a k e  adval)tagc of  lnultil)lc ~1’Us i]] doiug

s e v e r a l  }Jroccsscs  oll diffcrctlt scgt])cnlts  of  d ig i ta l ly  saln-

lJICXI a]ld  rccordcd signal silllllltallcollsly. ltor  cxaml)lc,  it,

can  })roccss  real-t,illle salll])lcs forward (in I,crjns  of til])c)

a n d  rcpmccss ally other scglJlcllt of sa][lplcs ill tllc l)rwt at

tl)c  salnc tilllc. ‘1’lIc ncccssi!y to rcr)roccss a  scgl[lcllt o f

sa]nl)lcs a r i s e s  froln tllc fcrllowillg  i,wo sccrlarim: (1) tllc

out-of-lock indication is dctcc.tcd i}] auy OI]C of tllc loop,

and (2) tf)c  succecdillfg  dcc.odcr  fails to cxhact va l id  infor-

]Ilatioli. liotl~  s i tua t ions  il}dicatc that dc)nodulatioll is ]~ot

succcssful]y j~crforlncxl  for that scgmcnlt  of sanll)lcs, which

is called a gap.  ‘J’yl~ic.ally, gaps arc c.auscd by citllcr ac.qui-

sition/rcacquisi tioll or c.yclc-sli])  ill OI)C of t,llc tllrcc 1001)s.

Gaps  duc  to acquisition/rcacquisitioll cau be foul,d ill the

l)cgi)llliug  of cacll  pass  and at tl)c ins tants  of  data r a t e

challgc. IIowcwcr,  gaps  duc  to cyc.lc-sli])s  arc  usual ly  ac-

coml)allicd by tllc dro])  of loo]) s ig] la l - to-noise  ra t io ,  and

c a u  o c c u r  ralldolllly ill a I)ass. III r a r e  csscs, a gal)  lnay

IIal)lwtl  a s  dcl[lodu]atcd sy]nbols a r c  IIlis-llalldlcd ill tile

dat,affow I)ctwccll  11’J’1) and t,hcsuccccding d e c o d e r .  ‘J’}lc

processing of a gal)  to cxt,rac.t  any valid illforlnatiol] Ilot

a v a i l a b l e  wl)cu  that sc.glnc~lt of signal sal)ll)lcs were first

I)roc.csscd  isrcfcrrcd t,oas gap ciosu?e~,?occssi? lg((;~l’).

Alo~lgits  dclnodulatioll  ))roccss,  ll’J’l)  kcc})srccord of its

illtcrllalstatcs, illcludil)g  tl]c]oc.k iudicatorstatcs, tllcstatc

variablcsil]sidc lool)  filter Mld IIll]llcric:illy c.olltrollcd  oscil-

l a t o r  (N(~O)  for all three loo~M. ‘J’lICSC  state varial)lcs  a r c

rcc.ordcd  at frxccl iutcrvals and arc s t o r e d  a s  chcr-k poinfs,

‘J’llc cllcck l)oil)t  il]forlnatioll will serve a s a  rcfcrcv}cc wllcrl

a ga~) closur-c l~roccss  is Ilcc.cssary.  l{br a gal)  s i t u a t e d  iu -

sidc a l)ass,  it is }mssiblc  to ~)crforln  tllc (;~l’ hy using t h e

availab]c  chcc.k })oint  illforlnatioll citllcr p r i o r  t o  o r  after

t h e  g a p .  ‘1’llc forlncr is rcfcrrcd (O M tJIcjoTwrIni gap clo-
suw ~Jrocessi~~g(l’’(;~l’)  bcc.ausc  it ]oadsiu the cllcck  po in t

il)forlnation pr ior  to  tllc ga}) and star t  to proc.css  LIIC gal)

froln tllc I)cginllilig tcnvards tllc mid;  tllc lat)tcr  i s  rcfcrrcd

toastllc Imckrrdgap closl(?c~j~occssi~ ~g(ll(;(; l’)sirlc. ctllc

gal)  ls~)roccwsml  ill tllcordcr of rcvcrscd t,il,lc.  o b v i o u s l y ,

o]lly  tile 1“(~~1’ call  I)c ljcrforlllcd wIIc]] tllc gal)  i s  at tl)c

clld  of a I)a.ss, and o]lly  t,llc 11(; (;1’ c.au bc })crfor)ned  wllc]l

tlic gaJ) is at tllc bcgiullillg of  a  ])ass,  ‘J’tlcrc is 1)0 csscll-

tial diffcrcllcc l~ctwcc]] IW(; l’ a)ld  11(1(;1’  cxc.c~~t tl]e  o r d e r

o f  sigt)al  sruu])lcs ])roccsscd i s  rcvcrscd. ‘1’IIc  cxc]usio]l  o f
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l“ig;urc  1: Coacq]tua]  lllustratioa  of GaI) C losure  l’roccssiag,
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Figur-c  2: Aug]ticutcd  S e c o n d - o r d e r  l)igital  l’hasc-lockd  1,001,.

citllcr <,ac dc~)cnds  solc]y  otl tllc a v a i l a b i l i t y  o f  sufficicut

cllcck  J)oint  iuforlnatiol]. Sirlcc  every state varial)lc of each

cllcck  poiut is a ra~ldoln  variable, it is llcccssary to t a k e

~llorc tllall ouc c.fleck ])oiIlts  to ~llakc a good cstilliatiou of

st, atcs at t,hcstart of (;(;1’. A padisrcfcrrcd totllcscglncnt,

ofsigll:,lsa~~l~)lcsfro]li  wllicll  all tllcc.llcck l)oilltsuscd f o r a

G(ll’ .aTcdcrivcxl.  It will bccleartllat thcr)ad-to-g;ar) size

rat io  ~Jlays all itl]lmrtaut role ill dctcnni~lirlg  the strategy

of Gel’.

‘J’llc coacc])t o f  I’G(;l’ slid ll(; ~l’ c a u  bc silllr)ly  illus-

trai,cd in I’igurc 1 ,  wl~crc t w o  ga}~s, t,wo l)ads and zNso-

ciatcd (J~l’s arc givml.  ‘J’l)c .gal) # / l  i s  c a u s e d  I)y initial

acquisiliou a t  t h e  start of  a  ~)ass, It call  bc rccovcrcd by

tllcll(; ~J’ #/l llsirlp,cllcck~)c)i]]t  illforlllatic)l~  ol)tairlcclfrol~~

p a d  #/l. ‘llc salllc cllcck  l)oillt irlforl})atioll  can also s u p

J)ort  tilt,  JW(~l’#/2ill rcl)roccssillg tl)cgaJ) #/2,  wllc.rcit i s

iuside a I)ass  and l~robal~ly caused by a data rate chaugcor

all ullc>l)cctcd drol)  (Jflc)ol) sigilal-to-l lc)iscratic).  ofcoursc,

tllcll(~~l’ #/2usill~, cllcck  J)cJillti llforlllatic)l] c)t)taillcclfro~I]

pad #2’ isa)l altcrllativefor tllc(JcJ)ofgal) 7’/2.

3  ~loscd-lmol) Gal) C;1OSUM!  (;ol]figuratioll

‘J’he IIloslstraiglltf(]rli’arcl way to rcJ)roccss  a gal)  is to

run the salnc rcccivcr over that scglllcllt  of sa]l]l)lccl  signal



t

-, wit,l]  sol  IIc IIcw a priori illforll)atiou pcr~iucllt to t,llc start-

ing l)oillt. ‘1’l}c a priori i)lforlnatioll i s  ty])ic.ally  ol)taillcxl

I)y cstilllatcs of Lllc s t a t e  IJrior  t,o tllc gal, (ill tile case o f

1(; (;1’) or after tl)c ga]~ (in Lllc c.asc of 11(; (;1’) ill scgIncuts

wllcll  tllc rmcivcr is ill lock.  For a digital l)llasc-]ockcxl  100]]

(1’11,),  tllf.’ lllCtl,Od  c)f 100]) f i l t e r  cocflic.ic],ts i]]itia]izatiol,

is first j)ro])oscd to reduce the Lrallsicnt,  rcs))onsc [3]. l“or

cxa]Ill)lc, a sccc)lld-orflcr,  bascl)aud equivalc.llt,  I)llasc-lockccl

100]) cau  l)c aug]ncntcd as snow])  ill l“igurc 2. ‘1’hc two co-

cflicimlts,  L’o nllcl CJj, arc  acldcd  for  the  })urq)osc of })llasc

and frequency illitializatioll. 1( is easy to snow that, at Lllc

N(;() ial)ut,

71-  1

2’2(?/) =  (/’] -1 (:12’] (7/ -  1 )  +  (;2~2’1 (i), (1)
i=]

wllic.1) c.orrcsl)onds  to tl)c csli]natc of the first derivative of

t,l Ic illcol]lillg l~llasc ])roccss.  If tlic illcolning  l)llasc ~)roccss

is assull]cd as

o(i)  = 00 i O]i i 02i2/2 , (2)

tllc s t e a d y - s t a t e  IJhasc  crror,iu tllc abscncc of IIoisc,  tJc-

Coll)cs

wlicre  7;, is tllc loo]) u})dat,c i~ltcrval.

t h e  first dcrivatfivc  of  (2) ,  alld tlicn

llavc

(3)

I\y cquatiug (1) aud

substitutirlg (3), wc

c] =- 0, - ()G ,
- 027;4  027;.~;2

(4)

W i t h  a good  a ~)riorik]]()~vlcclgco]] O., 01 arid  02 , tl]c C.O

cf[icicrlts  ~~~= OCI and C71 givcll  a s  ( 4 )  cau  bcuscd f o r  tllc

forward gal)  closure l)roccss.

‘J’lic 1K3C1’ IIccds  oI)ly a  s l i g h t  lnodificatioll in  cocffi-

ciclits I)y changing tllc sign  ill front o f  t h e  tcrlns c.olltaill-

illg 0:, wllcrc i is a ]msitivc cvcu  illtcgcr. 111  o u r  cxa~n~)le,

L’0:  0 0  isuucllallgcil but L’] ])ccds  to bccllaugcd to

(;] = 01 -{
( )

(7’,
027;, - 02Y;,.y;2 (5)

‘J’]lc rcasoll f o r  this lnodificatiol] i s  t h a t  t]lc odd o r d e r

d e r i v a t i v e s  of a l~llasc l)roc.css  do  not IIccd a sign cllauge

a s  tllc ti]nc i s  rcvcrscd; IIowcvcr,  tllc cvc]l orclcr  dcriva-

tivm d o  ]lcccl OIIC. ‘J’llis can bc cx})laiucd  Ly a  sirnp]c

cxalllj)lc a s  f o l l o w s .  ‘J’l]e frcqucnc.y  for a })miodic  ]novc-

If]c]lt at a ratcof 27r/sccolld is always ollc  IlcrtzJ,  llo IIlattcr

its associated I)llasor is dcscril)cd as rotating c.lockwisc  or

cc)lliltcr-c loc.k}vise.  0]) tllc co~ltrary,  a  frcquellcy rallll) ill-

c.rcasillg  (I)ositil’cslc)l)c) wi th  tilllcw ill bc dcc.rcasillg  (ucg-

ativc slol)c) wllct) tllc tilnc is rcvcrscd.

4  O1)C!II-1,00])  ~jal) C;losllrc! Collfiguratioll

A  gal)  call  I,c rcl)roccsscd w i t h o u t ,  tllc usc of a 1’1,1, to

a(lal)ti~’t:lyc still latctlic signal pllasc, j)rovidcd  that tlie sig-

na l  ])l)a<c is reasc)l]al)ly  stal~lco rslowlyvaryillgiu  tliat gal).

'J`lIcol)[Il-loolJp  ;al)c.losllrcc c)llfig~lratiol  lllscs aucstimatcd

l)l]a.sc l,r()filc  tc)scr\(:a  .stllerc  fcrcllccl)ll&sc. ‘J’llccstilnatcd

I)l)asc  ],rofilc call  bc ol)tail)cd f r o m  t h e  l)llasc olmrvatioll

o v e r  arl adjoiut rcgiol]  \vllcrc  plla-sc lla.s bcc~l s u c c e s s f u l l y

tracked

It is  assuItlccl  tl)at tl]c mcasurclncnts  a t  tllc out})ut o f

tllc N(;() call  bc ]llodclcd a s

?/(k) : O(k)-1  I/(k)

: {oo-lo,  (K7’)+02(K!r)2/2  }-11/(k),  (6)

wllcrc d(k) is tllc iul)ut ~)l)zsc process sampled at tl)c interv-

a l  7’, ;tlld v(Ic) i s  a  mm ]Ilcall  Gaussia]l raucloln varial~lc

witllvalianceo; . Giv(]ln lllc)isyc .orrclatcds allll)lcsofy(k),

tllc ]cas l -squared cstitllatc of the input ])llasc  l)aralnctcrs,

naltlcly  00, 01, and 02, is easily sllowIl  as  [4]

~= [ml]-l}F& (7)

wlicrc {~ is tllc cstilllatioli vector allcl y is tlic lncasurcl[lcilt

vcct,or  {:ive]l a s

“[i ““d +!!1’
and tllc observa t ion  ltlatrix 11 is givc~l as

[

1 1 ,,, 1
],7’  = y, 27’ .,. ml ‘

7’~/2  (27’) ~/2 .  (?n?’)~/2 )

‘1’llcmf(rc,  tllccs(illlatcd IJllasc  attitlici willl)c

u(f)= io-1  Oli-t o&/2, (8)

wllic.]1 is a u  unlliascd cstilllatc with variallcc

rJj(/) = a; [p]] -1 p22f2 - i  pMt4/4-l

2(p,2f+  p~3t2/2+ ])2313/2 )], (9)

\\,]]Crc  ~rtj is tile (i, j)tll collll)ollclitof  tllc covariallcc  II]atrix

1’: [ll~’1l] -’ll~’l(ll [ll~’ll] -’,

with 1/= )I;{yvl’}  l~citl~ tllccc)variallcel liatrixoftl)c N(~()

out])ut, dctcrl[lillcd I)y sallll)lillgtllc correlation function of

tllc IJI1:lSC l)r-occssgivell ill [b].



NLm)bcI of Samples

Figure  3: l’crforrllaocc  of l,casL-Squares Snloolhcr/i’rcdictor.
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252.95yo 164.12% 1 3 0 . 7 9 %  _ _ _102.57%

275.43y0 179.925% 144 .67% “113.72V0

0.[11
0.00%
0.00%
6 .20%

15.05%
29,94%

43.92%

53 .41%

60.76%

It i s  intcrcstil)g  to lIotc tlIat tlIc ]Iorlnalizcd varia]lcc
o f  tllc oIN21)-lc)o}),  l e a s t - s q u a r e d  c.stilnatcd  ~,llasc,  cldinecl

as tllc ratio of rT~(i. )/a~, serves as all ilnportallt indica tor

showing wllctllcr tl]c olwll-loo})  configuration] out-performs

the closed-loo})  c.ollfiguratior)  or not,. A ratio slnallcr than

o n e  a c t u a l l y  illi})lics  that t,llc ol)cn-loop cstirrlatcd ]Jllasc

h a s  s]oallcr vrrriallcc  tllall t}lc NtY3  outl)ut I)llasc  de-

r i v e d  froln tllc c.losccl-]ool)  c.ollfiguratio]l. Figure 3 g i v e s

a ty})ical  cxaltll)lc  of tllc l)crforlnanc.c of tllc leas t -squares

s]llootllcr/l)rcdic.tc)r  vmus tl)c salll])lc Ilurnllcr a w a y  frolo

tllc obscrvccl  sal]l~)lc  o]]c.  Note that tllc region  where  llor-

malizcd  variallcc is less tl)an ullit,y  cxtcllds Loth  8idm  syln-

mctrically  beyond tllc obscrvatio~]  w i n d o w .  ‘1’hc ratio o f

tlic s ingle-s ide  cxtc)]sio])  size LO tllc observa t ion  window

size, clcnotcd  as ~)(ni} IJl,l’), is listed in ‘1’able 1 for various

IJ1, Y’ products of t}lc loo]) I)andwidtll of tl)c c o u n t e r p a r t

c.loscd-]ool)  c.ollfiguratic)ll  and tllc salnpling i n t e r v a l ,  a n d

t h e  nullll)er o f  otmcrvatio]] salnl)lcs tn. l“or cxaml)lc,  a s

listed ill ‘J’able 1 and also sI1ow11  ill l’igure 3, tllc ol)cn-lool)

c o n f i g u r a t i o n  sllou]d ollt-l~(!rforlll  tllc closccl-loo})  col)figLl-

ratioll over ally  gal)  with size ul) to 133% of  tllc rtvailal)]c

ol)scrvatioll size ?n = 2000 and IJJ,7’ = 1 .().

5 ov(:rall (+a]) clos(llx! St,rnt,{!gy

It is shown tliat oljc)l-loo])  Col)figuration  can siTn]Jly out-

l)crforll)  tllc cIoscJI(,o1) collfiguratiol]  f o r  a  ccrlain lcngtll

(..: ‘-
.—
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11’igurc  4: ‘J’lic overall (;al] C;losore Strategy.

of tilne into a gal), a)ld tl)cll its ])crfor]na]lcc  deteriorates
r a p i d l y  wl]cn  further into the gap. IIased upon this pltc-

nomcl)on,  the overall ga]) closure strategy whicli  optimizes

the G~l’ l)crfc)r lnalice is dcj)ic.tcd  as the flow chart showl)

in l“igul  c 4.

l’or a  givc~l IOOJ) l)alldwidth III,, check  point irltcrval 7’,

g a p  siz[  ~~, and tl]c a v a i l a b l e  ~)ad size q~,  tllc open-loo})

collfigur  atioll is al)lc  tc) l)rc)ccss  the colnplcte gal)  with l)ct-

tcr l)crff ~rlnancc,  o]l]y if tllcrc exists at least an integer llunl-

bcr of cllcck  I)oillts, de]loted as m, wl)ic.h sat isf ies

(lo)

“1’hc ul)l)cr  lil~lit  of (1 O) is tllc nu]nber of available check

poi~it,s fro]n tlhc givc]l  ])iid, al)d the lower lil[lit is the nUlll-

bcr o f  ?cquircd clIcck l)oillts to  c~))cl)-loop cover  the wllolc

gap. When such all tn exists, t}lc largest possible m, dctcr-

mincd I)Y so]nc ol)cratiollal cont,raints,  is c.lloscn to  cnsur-c

the t)cst o~)c~l-loo~)  ~,al) closure lJcrforrnarlcc. When no Such

an  m cat] be foulld  10 satisfy (10), it is still ])ossil)le  to usc

o p e n - l o o p  corlfigurrrtiol)  u]) to tllc I)oillt  wllcrc the opclI-

100J)  }~erforllla)lcc  is goil)g  tc, l)c worse than t,llc c,loscd-loo~)

I)crfor)l,  aIic.c, ])aIIlcly  tlIc Iirst m7’. q(m, 1)1,7’) scc.ends into

the gall, a n d  (llcll  close  tllc 100}) for  tile res t  of  tllc ga[).

A  decision ]lccds  to Ilc IIladc  llcrc t o  j u s t i f y  tllc I)cnefit

to illcludc additio!lal switching lnccllallis~l)  frolll ol)c]]-loop

t o  closf d-lool)  collfig{)ratiorl. ‘1’yl)ic.ally, tllc break ~)oil]t i s



, ~’~=.F
.10 -------- ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..: . . . . . . . . .

------1 ---------- - - - -
-—

0 5
\

10 15 20 2s

SalI@c q’]nlc  (ntillu[r.i)

J“igure 5: ‘J’lIc SyIIIbol SNR versus Sal,ll)le ‘1’i]l)c,
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n17’ 1)(?)1, }1],  ?’)
r, = 5%
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F i g u r e  5 sl)ows  tl)c result froln G~l’ of a gal, at Lllc bc-

gillllitlg o f  a  IJass.  111  t h i s  figurw, tlic cstilnatcd syItlbol

SNI{s  fro~n t h e  first 11’1’1)  p a s s  a s  well as t,hc ]lGc]’ a r c

l)lottcd versus  sallll)lc  ti]nc at O])C lnil)utc illtcrval. ‘Jlc il]-

p u t  sigtlal has 1.6 llz l)op~jlcr  frcqucllcy and 0.5 ]nll T/scc

l)ol~p]cr  rate, with cstilnatccl sylnbol  K; NIL varyi~lg  arouud

-6 d]). It clmrly sl]ows  the gap, charac.t,crizcd  l)y tllc l)clow-

avcragc SNli,  f o r  tl)c f i rs t  tllrcc lniuutcs ia f i rs t  ~)ass, i s

recovcrcd as SNIL c o m i n g  b a c k  to its ~]orlnal  ]cvcl during

IK;c]’.

6  ~011 C] USiOll

‘J’IIc  t,ccll~liqucs  Ilscd t o  rccovcr ally data l o s s  froln

buflcrml  tclclnctry signal durirlg acquisitioll/rcacqui sitioll,

d a t a  r a t e  cl]angcs and cycle  sli~m arc l,rcsclltccl  in this }Ja-

pcr. ‘J’wo cliflcrcllt col)figuratiolls, O]lC i s  a  si]nl)lc lcast,-

squarcs l)l)asc  cstilnal,clr used for o1)c])-1001)  gal]  c]osurc l)rc)-

ccss and tllc otllcr involves tllc 1001)  filter initialization for-

(1IC closccl-lool~  gal) closure, c.slI  bc clIoscn to rec .over  lost

data, Clc])cllding  ujml]  tllc size of a gal)  a)lcl tllc size of its

s u r r o u n d i n g  l)ad(s). IIoth lnctllocls  have tllc flcxil)ility to

bc used iu either forward or backward l)roccssi]lg, wllic.]i

lICIIE  to c.over galxs at various position, csl)ccially at tllc

beginning of cac.h l)ass wllcrc initial acquisition) is always

rcquirccl.  ‘J’tlc overall strategy wllic.11  ol]timizcs tllc gal)  clo-

sure  l)roccss lm-fcrrlnallcc is also l)rcscllt,cd.  Wit]] t,llc c a s e

f o r  il]l])lcl]lcrltatio]l 0 1 1  gcnlcral  ])ur])osc  workstatio]is aT)d

the flmibility  to w o r k  0 1 1  tllc rcvcrscd t,illlc order, t h e s e

tcclllliqucs  s]lould I)c crucial to tllc future low cost sl)acc

lnissions,  since tllc cxl)cc. tcd very low d[~wlllilik collllilullica-

tio]l IIlargi]l  is a threat to tllc Scic]ltific  rcturi] ulldcr currmlt

groul]d  rcccivcrs.
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